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(57) ABSTRACT

A method is provided for controlling a gaseous component
concentration of a gaseous mixture, which is recirculated by
a ventilator in an oven, which is supplied with power at a
predetermined mains frequency and voltage, the ventilator
being driven by an asynchronous electric motor of known
synchronism speed, the mixture being subjected to a known
pressure. The method includes: detecting the temperature of
the mixture in the cooking chamber, varying the motor’s
power supply voltage in order to maintain the motor’s rota-
tion speed at a predetermined value, measuring the difference
between the mains voltage that supplies the motor and the
motor’s power supply voltage at the predetermined speed,
using the voltage difference, the temperature and the known
pressure to determine the component concentration in the
mixture, comparing the component concentration which is
found with a desired concentration value and, adjusting the
component concentration in the cooking chamber.

9 Claims, 1 Drawing Sheet
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METHOD FOR CONTROLLING THE
CONCENTRATION OF A COMPONENT OF A
GASEOUS MIXTURE RECIRCULATED IN A
COOKING CHAMBER, PARTICULARLY IN
FOOD COOKING OVENS

FIELD OF INVENTION

The present invention concerns a method for controlling
the concentration of a component of a gaseous mixture in a
cooking chamber for food cooking ovens.

BACKGROUND

In the relevant technical field, it is known to provide for the
measurement of some parameters correlated to the cooking
processes in order to control said processes within the cook-
ing chamber of an oven. Among these parameters are the
temperature of the chamber, the pressure, and the concentra-
tion of water vapor, which are normally significant for the
desired cooking process. For the measurement of the concen-
tration of water vapor it is known to use sensors inserted into
the cooking chamber and which utilize the correlation
between said parameter and other measurable parameters.
For example, sensors are known which utilize the pressure
differential measurable between the input and the output of
the blading of the fan disposed inside the cooking chamber.
Since the pressure differential is correlated to the density of
the air which varies from dry air to 100% water vapor, it is
possible to measure the percentage of vapor present. Another
example is provided by devices for measuring the oxygen
present in the mass of air inside the oven, by means of probes
suitably calibrated for such measurements.

A principal limitation in the use of sensor means for sens-
ing the vapor concentration inside the cooking chamber lies in
the temperature conditions obtainable in the cooking pro-
cesses which may compromise the functioning thereof or
even prevent their use. These sensors are arranged to function
in environments with maximum temperatures well below the
maximum temperatures which can be reached within the
chamber. In addition, the presence of cooking fats inside the
chamber renders measurement by means of such sensors
difficult and not very reliable.

Another method for controlling the concentration of water
vapor within the cooking chamber is known from U.S. Pat.
No. 6,662,628. The method described therein provides for
correlating the slipping of an asynchronous motor, which
drives in rotation ventilation means for the air inside the
cooking chamber, to the concentration of water vapor. The
variation of the resistant load on the motor due to the density
of'the air which varies according to the concentration of vapor
contained therein and to the temperature, effects a variation in
the speed of the motor which can be correlated to the slipping
understood as the difference between the speed of synchro-
nism of the asynchronous motor and the speed assumed by the
motor as a result of the resistant load.

This variation is in general dependent on the characteristics
of the motor, the fan, the voltage and frequency of the power
supply, the temperature and also the concentration of water
vapor, and in the majority of cases is either too great or too
small with respect to the speed which is ideal and desirable for
cooking, all this rendering the application of the method not
very reliable and precise from the point of view of controlling
the vapor concentration in order to achieve a better cooking

quality.
SUMMARY

The principal aim of the invention is that of providing a
method for controlling the proportion of a component of a
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gaseous mixture within the cooking chambers of ovens for
cooking foods, designed so as to make it possible to remedy
the limitations mentioned with reference to the prior art cited.
This aim is achieved by the invention by means of a control
method produced in accordance with the appended claims.

BRIEF DESCRIPTION OF THE DRAWING

Further features and advantages of the invention will
become clear from the following detailed description of a
preferred exemplary embodiment thereof, illustrated by way
of non-limiting example with reference to the single
appended drawing, which shows a schematic view of a cook-
ing oven arranged for the application of the method according
to the invention.

With reference to the drawing cited, a method for control-
ling the concentration of water vapor according to the inven-
tion is applicable to a cooking oven for foods, designated by
1 and only illustrated schematically in the drawing.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The oven 1 is provided with a cooking chamber 2 inside
which can receive the foods to be cooked. Said chamber is
delimited by walls 2a defining an opening of the oven which
can be closed by means of a door 3 for access to the chamber
for the introduction and extraction of the foods being cooked.

The oven is provided with heat-generating means, not
shown, for example including electrical resistances or a heat
exchanger connected to a combustible gas burner. In order to
effect the recirculation of air inside the cooking chamber, a
fan 4 is also provided, driven in rotation by an electric motor
5, and arranged inside the cooking chamber, the function of
which is to induce a forced circulation of air suitable for
ensuring the thermal exchange by convection which is suit-
able for the pre-selected cooking process. Water vapor gen-
erators or reducers (which are not shown) are also provided,
for example by conveying water inside the cooking chamber
in order to increase the concentration of water vapor suitable
for the cooking process or by introducing ambient air inside
the cooking chamber in order to reduce the concentration
thereof.

The oven is supplied with power at the predetermined
mains frequency and voltage, respectively indicated by F, and
V..

The motor 5 is selected as an asynchronous motor, there-
fore having a known speed of synchronism, and is provided
with a device for supplying electric power for the motor,
indicated by 6 and illustrated only schematically, with which
it is possible to supply power to the motor at a supply voltage
V in order to obtain a predetermined rotation speed, as will
become clear hereinafter. In the device there is provided a
meter 6a for measuring the voltage V or magnitudes corre-
lated thereto (for example the phase cut) and a motor rotation
speed meter (tachometer) 5a.

The reference 7 indicates a temperature sensor for detect-
ing the temperature inside the cooking chamber.

When the cooking chamber is open to the outside, atmo-
spheric pressure tends to prevail therein, said pressure
depending substantially on the altitude at which the oven is
located, and therefore to be regarded as known or in any case
determinable. Alternatively, it is possible to provide, if appro-
priate, a pressure sensor disposed inside the cooking cham-
ber.

The reference 8 indicates overall a data processing appa-
ratus, such as a computer or a microprocessor control center,
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in which the data detected by the aforesaid sensors are pro-
cessed and by suitable algorithms there are obtained, at the
output, the values of the parameters necessary for controlling
the concentration C of water vapor in the cooking chamber
with the method described in detail hereinafter.

In the following description, reference will be made to air
as the gaseous mixture and to the methods for controlling the
concentration of water vapor, as a component of the mixture,
present in the air inside the chamber.

The method according to the invention is based on the
concept that the rotation speed of the fan (and therefore of the
motor), which interacts with the gaseous mixture recirculated
inside the cooking chamber, can be assumed to be a function
of the geometry of the oven, of the characteristics of the
motor, the pressure, the temperature, the voltage and the
frequency of the power supply to the motor, as well as the
concentration of water vapor. By reason of the diverse density
of the air, which varies with the percentage of water vapor
present therein and the temperature, the resistant load on the
fan varies in correlation, on the basis of the aforesaid param-
eters.

In a first exemplary embodiment of the method, provision
is made first of all for obtaining curves which place the
voltage V in relation with the temperature T and the concen-
tration C of vapor at constant frequency and constant pressure
as well as for a predetermined speed value.

According to the method, firstly, the temperature T' of the
air inside the chamber is detected. The supply voltage V for
the motor is then varied (at constant frequency e.g. equal to
that of the mains supply) in order to maintain the rotation
speed n of the motor at a predetermined value n'. The mea-
surement of the difference between the mains voltage Vr, at
which the motor is supplied with power, and the voltage V' at
which the motor rotates at the speed n' then takes place. This
difference (Vr-V"), the temperature T' and the known pres-
sure (e.g. atmospheric pressure) depend on the concentration
C' of the water vapor in the air mixture. If, for example, a state
of substantially dry air is created inside the chamber, values
for voltage V', temperature T', and speed n' will be obtained
which correspond to a vapor concentration C' substantially
equal to 0%. If, for example, a state of air substantially satu-
rated with vapor is created in the chamber, the values V", T'
and n" corresponding to a concentration C" of vapor equal to
100% are obtained.

In order to determine the values between 0% and 100% it is
possible to proceed with techniques of interpolation between
the aforesaid extreme values, linear or otherwise, or interme-
diate states between 0% and 100% of water vapor concentra-
tion are created, and the above is repeated.

With such a method it is therefore possible to obtain, as the
temperature T varies, sequences of values or diagrams (ob-
tained by predetermined interpolations) in which the supply
voltage V for the motor is a function correlated to the tem-
perature T of the chamber at a predetermined speed n of the
motor 5, these values being correlated to a certain concentra-
tion C of water vapor present in the chamber.

These diagrams may then be used to evaluate, in a specific
operative state of the oven, while it is functioning, the value of
the concentration of water vapor, in order to compare it with
desired values and consequently adjust the concentration of
vapor inside the chamber on the basis of the comparison
obtained.

In this step it is possible, knowing the supply voltage at a
predetermined speed of the motor, and the temperature T of
the chamber, to evaluate, using the aforesaid diagrams, the
value ofthe vapor concentration C with which to proceed with
controlling same according to a desired value. This sequence
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of calculating operations is implemented with a suitable algo-
rithm in a program contained in the data processing unit 8, in
which are stored the sequences or the diagrams obtained
previously and the desired values for vapor concentration
together with the other parameters (temperature, time and
speed) of the preselected cooking processes.

The method may also provide for the sequence of steps
described above, repeated as the temperature T varies, main-
taining, for example, the speed n of the motor constant (and
equal to a predetermined value), this mode of operation giv-
ing preference to the constancy of the speed of the motor and
therefore of the fan, which may represent the most suitable
choice for certain cooking processes.

Alternatively, provision may be made for the sequence of
steps of the method to be repeated as the temperature T varies,
varying in addition the speed n of the motor, and preferably as
the temperature T increases the predetermined value of the
speed n of the fan is increased. A linear proportionality
between temperature T and speed n may represent one of the
possible choices. With this mode of operation, preference is
instead given to the constancy of the thermal exchange as the
temperature increases, a choice which may be more suitable
for other predetermined cooking processes.

It should be noted that the measurement of the voltage
difference (Vr-V") for a certain predetermined speed n' of the
motor may be obtained by means of measurement of the
phase cut with which the motor 5 is supplied with power (ata
speed below the speed of synchronism), utilizing the corre-
lation between voltage and phase cut.

Inaddition, when a choice is made to vary the power supply
voltage V for the motor, it is to be understood that the fre-
quency F remains constant, for example equal to that supplied
by the mains network. In this case, the power supply voltage
for the motor may be varied, as an alternative to or in combi-
nation with the phase cut, by supplying with power one or
more electrical resistances (not shown) placed in series with
the motor windings. As an alternative to or in combination
with the phase cut and the additional electrical resistances,
provision may also be made to supply power to the motor with
the output voltage of a transformer (or autotransformer) at
one or more outputs. The speed regulating device 6 may in
addition be designed with a combination of one or more ofthe
aforesaid modes of operation provided for varying the power
supply voltage for the motor, at constant frequency.

It is also possible to arrange to vary the frequency F of the
motor 5 in order to maintain the speed n thereof at a prede-
termined value, as taught by the method of the invention. For
example, provision may be made for the device 6 to comprise
an inverter in order to obtain an output frequency F which is
variable, at constant voltage V, with which to supply power to
the motor. Provision may also be made for the inverter to
supply a voltage and an output frequency which are both
variable. In the latter case the predetermined speed of the
motor will be obtained by supplying the motor with power at
a frequency and voltage which are variable at the output from
an inverter device.

The method for controlling the vapor concentration
according to the invention thus achieves the aims proposed,
providing numerous advantages compared with known solu-
tions.

One advantage is linked to the fact that owing to the method
of the invention the limitations which are encountered in the
use of known humidity sensors to be placed inside the cook-
ing chamber are remedied, which limitations are due to the
high temperatures reached in the cooking process, which may
comprise the functioning or prevent the use thereof.
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Another advantage is that the method claimed makes it
possible to evaluate the vapor concentration and conse-
quently adjust it and ensure that the desired values are main-
tained, especially the rotation speed, taking into account the
course of the variations of the cooking parameters which
occur normally in the cooking processes, thus improving the
final quality obtainable from such processes.

What is claimed is:

1. A method for controlling the concentration of a gaseous
component of a gaseous mixture, said mixture being recircu-
lated by a ventilator in a cooking chamber of an oven, for
cooking foods in said chamber, said oven being supplied with
power at a predetermined mains frequency and voltage, said
ventilator being driven by an asynchronous electric motor of
known speed of synchronism, said gaseous mixture being
subjected in said chamber to a known pressure, the method
comprising:

detecting a temperature of the gaseous mixture in the cook-

ing chamber,

varying the voltage of the power supply of the motor in

order to maintain the rotation speed of the motor at a
predetermined value,
measuring of the difference between the mains voltage at
which the motor is supplied with power and the voltage
at which the motor rotates at the predetermined speed,

using said voltage difference, said temperature and said
known pressure to determine the concentration of said
component in the mixture,

comparing the concentration of the component which is

found with a desired concentration value and,
adjusting the concentration of said component in the cook-
ing chamber on the basis of the comparison carried out,
wherein the predetermined speed of the motor is obtained
by phase-cutting of the power supply voltage of the
motor, at constant frequency.

25

30

6

2. The method according to claim 1, wherein said compo-
nent is water vapor and said gaseous mixture is air.

3. The method according to claim 1, wherein said measure-
ment of the voltage difference is obtained via measurement of
the phase cut, on the basis of the correlation existing between
voltage and phase cut.

4. The method according to claim 1, wherein the predeter-
mined speed of the motor is obtained by supplying with
power one or more electrical resistances placed in series with
the motor windings, at constant frequency.

5. The method according to claim 1, wherein the predeter-
mined speed of the motor is obtained by supplying power to
said motor with the output voltage of a transformer with one
or more outputs, at constant frequency.

6. The method according to claim 1, wherein the predeter-
mined speed of the motor is obtained by at least two of the
following: by phase-cutting of the power supply voltage of
the motor at constant frequency; by supplying with power one
or more electrical resistances placed in series with the motor
windings at constant frequency; or by supplying power to said
motor with the output voltage of a transformer with one or
more outputs at constant frequency.

7. The method according to claim 1, wherein the predeter-
mined value of the speed of the motor is kept constant as the
temperature varies.

8. The method according to claim 1, wherein the predeter-
mined value of the speed of the motor varies as the tempera-
ture varies.

9. The method according to claim 1, wherein the predeter-
mined value of the speed increases as the temperature
increases.



